Physics potential of the LHC (Large Hadron Collider) is summarized in this report, focusing especially on two major topics, the Higgs boson and Supersymmetry. ATLAS and CMS collaborations have excellent potential to discover them, if they exist at the mass scale less than about 1 and 3 TeV, respectively. Methods and their expected performances, to determine the properties of these new particles, are summarized.
Introduction
The most urgent and important topics of contemporary particle physics are (1) to understand the origin of ''Mass'' (the Electroweak symmetry braking) and (2) to discover of the physics beyond the Standard model (SM). These are the main purpose of the Large Hadron Collider (LHC), 1) in which two protons collide with the center-of-mass energy of 14 TeV. The first physics collision is expected in the summer of 2008 with the lower luminosities of about 10 32 cm À2 s À1 . The design luminosity of 10 34 cm À2 s À1 , which corresponds to 100 fb À1 per year, will be achieved within several years. The production cross-sections of the various high p T and high mass elementary processes are expected to be large at LHC, since gluon inside protons can contribute remarkably. Furthermore, because the LHC provides the high luminosity of 10 -100 fb À1 per year, large numbers of the interesting events will be observed as summarized in Table I . LHC has an excellent potential to produce high mass particles, for example, the top quark, the Higgs boson and SUSY particles. I focus on the Higgs and Supersymmetry in this note, and refer to new gauge symmetry and extra spacedimensions only briefly as alternatives.
Detectors
Two general-purpose experiments have been constructed, ATLAS 2) and CMS, 3) at the LHC. The ATLAS (A Toroidal LHC Apparatus) detector is illustrated in Fig. 1 , and it measures 22 m high, 44 m long, and weights 7,000 tons. The characteristics of the ATLAS detector are summarized as follows: 4) . Precision inner tracking system is made with pixel, strip of silicon and TRT (Transition Radiation Tracker) with 2 T solenoid magnet. Good performance is expected on the B-tagging and the -conversion tagging. . Liquid argon electromagnetic calorimeter has fine granularity for space resolution, and longitudinal segmentation to obtain fine angular resolution and excellent particle identifications. It has also good energy resolution of about 1.3% for 100 GeV e AE and . . Large muon spectrometer with air core toroidal magnet
will provide a precise measurement on muon momenta (about 2% for 100 GeV-AE ) even in the forward region.
The CMS (Compact Muon Solenoid) detector ( Fig. 2 ) measures 15 m high, 21 m long, and weights 12,500 tons, with the following features: 5) . Precise measurement of the high p T track is performed with 4 T solenoid magnet. . PbW0 4 crystal electromagnetic calorimeter has an excellent energy resolution of 0.9% for 100 GeV e AE and .
Higgs Physics
A discovery of one or several Higgs bosons will give a definite experimental proof of the breaking mechanism of the Electroweak gauge symmetry, and detail studies of the Yukawa couplings between the Higgs boson and various SPECIAL TOPICS Table I . Production cross-section and event numbers for major high p T and high mass processes with an integrated luminosity of 10 fb , is produced at the LHC predominantly via gluon-gluon fusion (GF) 7) and the second dominant process is vector boson fusion (VBF).
8) The production cross-sections are summarized in the report.
9)
H 0 SM decays 10) mainly into b " b b and þ À for the lighter case (.130 GeV). On the other hand, it decays into W þ W À and ZZ with a large branching fraction for the heavier case (&140 GeV). Although its decay into , via the one-loop process including top quark or W boson, is suppressed ($2 Â 10 À3 ), this decay mode is very important at the LHC.
H
0 SM ! in GF and VBF Although the branching fraction of this decay mode is small and there is a large background processes via q"! , the distinctive features of the signal, high p T isolated two photons with a mass peak, allows us to separate the signal from the large irreducible background. Both the ATLAS 4) and CMS 5) detectors have excellent energy and position resolutions for photon, and the mass resolution of the H 0 SM ! process is expected to be 1.3 GeV (ATLAS 11) ) and 0.9 GeV (CMS 12) ). Sharp peak appears at Higgs boson mass over the smooth distribution of background events as shown in Fig. 3 . This channel is promising for the light Higgs boson, whose mass is lighter than 140 GeV, and this mode indicates the spin of the Higgs boson candidate.
VBF provides additional signatures in which two high p T jets are observed in the forward regions, and only the two photons from the decay of H 0 SM will be observed in the wide rapidity gap between these jets. The rapidity gap (no jet activity in the central region) is expected because there is no color-connection between two out-going quarks. These signatures suppress the background contributions significantly and improve the signal-to-noise ratio as shown in Fig. 4 . Although the signal statistics is limited, the background contributions are dramatically suppressed and the distribution of the background becomes flat. A significance of about 4.5 is obtained from VBF processes with a integrated of 30 fb À1 it gains a significance of the inclusive H 0 SM ! analysis.
AE , when decays leptonically, and it can makes a clear trigger. Momenta carried by 's emitted from decays can be solved approximately by using the 6 E T information, 13) and the Higgs mass can be reconstructed.
14) Figure 5 shows the mass distributions of the reconstructed tau-pair. The mass resolutions of about 10% 15) can be achieved, and the signal can be separated from the Z-boson production background. The performance of the 6 E T measurement is crucial in this analysis as the same as in the SUSY search. We can obtain a significance of about 4 for this channel 15) for m H 0 SM < 130 GeV with a luminosity of 10 fb À1 , and also this channel provides a direct information on the coupling between the Higgs boson and a fermion, the tau lepton. 
À is small, a sharp mass peak is expected as shown in Fig. 6 , if the Higgs boson is heavier than 140 GeV. Mass resolution of the four lepton system is typically 1%. 11, 12) As shown in Fig. 6 , the main background process is ZZ production, which gives continuous distribution above 200 GeV. Small contaminations come from t " t t and Z 0 b " b b, in which semileptonic decays of bottom quark are identified as isolated leptons. In order to reduce these contaminations, leptons are required to be well isolated from hadron activities and their track impact parameters should be consistent
À channel has a good performance in the wide mass range from 130 to 800 GeV, except around 170 GeV, where the W þ W À is the dominate decay mode. 
, in which is the azimuthal angle between the 6 E T and P T ð' þ ' À Þ. Figure 7 shows the M T distribution and a clear Jacobian peak is observed above smooth background distributions. The main background process is t " t t, and this can be suppressed by using the azimuthal angle correlation between the dileptons. Since the Higgs boson is a spin zero particle, the helicities of the emitted W bosons are opposite. The leptons are then emitted preferably in the same direction due to the 100% Parity violation in W decays. 
. Accuracy of less than 0.2% error can be achieved with L ¼ 300 fb À1 , if the mass is smaller than 500 GeV. When the Higgs boson is heavier than 500 GeV, the resonance becomes too broad, and the precision becomes worse.
Measurements of the couplings between the Higgs boson and fermions/Gauge bosons will give the direct informations of the origin of ''Mass'', and fermion's couplings will give the first evidence of Yukawa couplings. Figure 9 shows the accuracy of the coupling measurements between the Higgs boson and fermion/Gauge bosons. We can measure without an assumption the relative magnitudes of the couplings normalized to the coupling between the W and the Higgs boson. We can determine the coupling between the Z and the Higgs boson precisely, where the accuracy of 5 -10% can be achieved in all the mass region. Couplings between the Higgs and the 3rd generation fermions (top and tau) are determined with accuracies of 10 -15%, but can not determine well for the bottom quark.
Supersymmetry
Supersymmetric (SUSY) standard models 16) are most promising extensions of the SM, because the SUSY can naturally explain the weak boson mass scale. Furthermore, the SUSY models provide a natural candidate of the cold dark matter, 17) and they have given a hint of the Grand Unification in which three gauge couplings of the SM are unified at around 2 Â 10 16 GeV. In these theories, each elementary particle has a superpartner whose spin differs by 1/2 from that of the particle. Discovery of the SUSY particles should open a new epoch of the fundamental physics, which is another important purpose of the LHC project.
Introduction of Super-Gravity model
There are, in general, more than 100 free parameters to describe soft SUSY breaking, 16) but there are strong constraints among them from the smallness of the flavorchanging neutral current. Among various models of the SUSY breaking that can naturally satisfy these constraints, Super-Gravity model, 18) Gauge-mediated model, 19) and Anomaly-mediated model 20) are predictable and promising. Performance of the ATLAS experiments based on the SuperGravity model is summarized in this section.
Minimal Super-Gravity Model (mSUGRA) 18 ) is a special case of the Minimal Supersymmetric Model (MSSM), in which the soft SUSY breaking terms are assumed to be communicated from the SUSY breaking sector by gravity only and that these terms are universal at the GUT scale. There are only five free parameters in this model; m 0 (universal mass of all scalar particles at the GUT scale), m 1=2 (universal mass of all gauginos at the GUT scale), A 0 (common scale of trilinear couplings at the GUT scale), tan ( v 2 =v 1 ) (ratio of VEV of two Higgs fields at the Electroweak scale) and the sign of (Higgsino mass term).
In this model, masses of supersymmetric particles are mainly determined by m 1=2 and m 0 ;g g becomes heavy due to large radiative corrections, and its mass is approximately 2.5 m 1=2 at the energy scale of the LHC. Higgsino mass (jj) becomes larger than the weak Gaugino masses at the EW scale, except for the case of m 0 ) m 1=2 . Then the lighter states of the neutralinos, . mðg gÞ $ 2:5 m 1=2 .
Masses of the lighter state of third generation scalar fermions (t t 1 ,b b 1 , and 1 ) depend also on A and tan , 21) and they are generally lighter than the first and second generation scalar fermions because of the following two reasons. Firstly, one loop radiative corrections due to their Yukawa 
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couplings are always negative. Secondly, the supersymmetric partners of the right-and left-handed states mix, and the resultant lower mass eigenstate becomes lighter. This mixing contribution depends on both A 0 and tan . Dominant SUSY production processes at the LHC areg gg g, g gq q, andthrough the strong interaction. These production cross-sections, , do not strongly depend on the SUSY parameters except for the masses ofg g andq q.
22) When their masses are lighter than 1 TeV,g gg g is the main production process, and the total SUSY production cross-section, (g gg g, g gq q, and), is about 100 pb for m¼ mg g ¼ 500 GeV, and 3 pb for 1 TeV. Even when their masses are 2 TeV, sizable production cross-section of about 20 fb is expected.ũ uũ u and u ud d are the main production processes for such a heavy case, since u and d quarks are the valence quarks of the incoming protons.
Decay modes ofg g andare controlled by the massrelation between each other, and are summarized in Fig. 10 . If kinematically possible, they decay into 2-body through the strong interactions. Otherwise, they decay into an electroweak gaugino plus quark(s).
Event topologies of SUSY events and discovery
potential g g and/orare copiously produced at the LHC. High p T jets are emitted from the decays ofg g andas presented in Fig. 10 . If the R-parity 23) is conserved, each event contains two 0 1 's in the final state, which is stable, neutral and weakly interacting and escapes detection. This 0 1 is an excellent candidate of the cold dark matter. The missing transverse energy (6 E T ), which is carried away by the twõ , can also be detected in the some part of event. Typical simulated SUSY event is shown in Fig. 11 for the ATLAS detector.
Inclusive searches will be performed with the large 6 E T and high p T multi-jet topology (no-lepton mode). One additional hard lepton (one-lepton mode) or two same-sign (SSdilepton) and opposite-sign leptons (OS-dilepton) can be added to the selections. These four are the promising modes of the SUSY searches.
The following four SM processes can potentially have 6 E T event topology with jets:
.
. QCD multi-jets with mis-measurement and semileptonic decays of b " b b and c" c c with jets We require at least four jets with p T ! 50 GeV, and p T of the leading jets and 6 E T are required to be larger than 100 GeV. The azimuthal angles between 6 E T and the leading three jets are required to be larger than 0.2 for the no-lepton mode to reduce the QCD background. Effective mass, M eff ¼6 E T þ P jets p T , is a good variable to distinguish the signal from the background listed above. Excess coming from the SUSY signals can be clearly seen as shown in Fig. 12 for both no-lepton and one-lepton modes. t " t t is the dominant background process for the one-lepton mode, and all of the four processes listed above contribute to no-lepton mode. The QCD processes contribute only to the small 6 E T and M eff . The M eff distribution has steeper slope for the SM background processes as shown in these figures. On the other hand, the distribution of the SUSY signals has a broad peak at large value (around 1.5 TeV in these figures), which is proportional to minðmðg gÞ; mðq qÞÞ.
The SM background contributions can be suppressed dramatically by requiring di-leptons as shown in Fig. 13 . They show the 6 E T distributions for the OS-and SS-dilepton modes, where t " t t is the dominant background process for both modes. Although the background contributions is seriously suppressed (the SS dilepton mode is the almost background free), the statistics of the SUSY signal is also typically a few % of no-lepton mode. Discovery potentials of dilepton modes are limited in the early stage of the collision, but these modes are important to reconstruct the decay chain mentioned later. Figure 14 show the 5-discovery potential in the m 0 -m 1=2 and the m-mg g plane for tan ¼ 10 with an integrated luminosity of 1 fb
À1 . And the lowest shows the same figure 
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with an integrated luminosity of 30 fb À1 . The results with three modes of no-lepton, one-and OS-dilepton are shown, and the hatched regions below each line show the systematic errors coming from the background estimations. The similar discovery potentials are obtained for no-lepton and onelepton modes. As shown in these figures,g g andcan be discovered up to the mass of $1:5 TeV with a luminosity of 1 fb À1 , which corresponds to just one month run with 10 33 cm À2 s À1 . The discovery reach does not depend strongly on tan . The interesting region for the relic density of the dark matter is almost covered with just 1 fb À1 .g g andcan be discovered up to $2:5 TeV with a luminosity of 30 fb À1 . g g andq q, whose masses are about 2.7/3.0 TeV, can be discovered/excluded finally with a luminosity of 100 fb À1 . This luminosity is corresponding to one year run with design luminosity (10 34 cm À2 s À1 ), and will be achieved in about 2011.
Measurements of masses of SUSY particles
Since two undetected LSP's exist in each event, there are six unknown momentum components in addition to the 0 1 mass. No mass peak is expected in general. However it is possible to use kinematic end points of various distributions as follows. 11, 24, 25) . Select specific decay chain exclusively. For example,q
. Make various distributions of invariant masses and p T . . Kinematic constraints are obtained from the end points of these distributions for the selected chain. These end points can be determined by the masses of the SUSY particles. SUSY events become background itself for detailed study, since there are many cascade decay patterns inandg g. It is critical point that we can find out or not a useful decay-pattern in the SUSY events. If there are three 2-body decay chains like the above example, which is a dominant mode in the parameter space of m 0 0:8m 1=2 , full reconstruction of masses is possible model-independently. The invariant mass distributions of '', '' þ jet, and ' þ jet can be calculated, and the three kinematic end points and one production threshold of the 4-body system (' can be determined with an accuracy of about 10%, which is an extremely important result, since it can be the dark matter.
Reconstructions of the SUSY particle masses for the other decay-patterns are also possible 11, 12, 25) by using the similar techniques. When we cannot identify a successive decay 
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chain listed above, the number of the observed constraints is less than that of the unknown masses. Therefore, some assumptions on SUSY breaking pattern are necessary to determine the mass spectrum. All the massed ofg g-L=R ,' ' AE -0 2 , and 0 1 can determined within the assumed model, and we will be able to test various SUSY models by using these reconstructed mass spectra. 26) 
New Gauge Bosons
Many theories beyond the SM predict the existence of additional U(1) or SU(2) gauge groups and a discovery of new gauge bosons, Z 0 and W 0 , should be its clear evidence of extension of the SM. Current mass limits on Z 0 and W 0 are about 800 GeV obtained at the Tevatron. Z 0 and W 0 are produced with the Drell-Yan (q"annihilation) process at the LHC, and they decay into fermion pairs. Figure 15 shows the transverse mass distribution between the AE and 6
. Clear Jacobian peak will be observed at the mass of W 0 , and the background contribution is small in such a high M T region. The results are obtained by assuming that the W 0 coupling are the same as the W AE coupling and no decay mode into new particles. The W 0 can be discovered or excluded up to mass of 4.5 and 5 TeV, respectively 12) with an integrated luminosity of 10 fb À1 , by combining the both and e channels.
À makes a resonance peak in the high mass region, and Z 0 can be discovered up to mass of 3.8 TeV with an integrated luminosity of 10 fb À1 .
Large Extra Space-Dimension and Black Holes
There is much recent theoretical interests that an extradimension exists in addition to the 3 þ 1 normal space-time dimensions, and it is compactified to the size of a few TeV, which is related to the true ''Planck scale'' of the complete theory. This new fundamental scale is denoted as ''M P ''. The idea is introduced as a possible solution of the hierarchy problem of the SM. 27) The scatter processes at a few TeV scale should be treated within multi-dimensions, and the gravity interaction becomes as strong as the other interactions. For example, gravitons (G) are emitted in the hard scatter of gg ! gG and escapes the detection. This makes an event with a single jet and large 6 E T (monojet). We have the discovery-potential up to M P ¼ 7 TeV (additional dimension 3) with an integrated luminosity of 100 fb À1 .
12)
If the true Plank scale is in the order of TeV, the Shwarzschild radius, R s , is also sizable, for n extra space-dimensions. Mini black holes of a few TeV mass can be produced with parton-parton collisions within R s at the LHC. Large production cross-section of order R s 2 $ 100 pb is expected by classical arguments, 28) the produced black hole decays through Hawking evaporation with the temperature: As the produced black hole is heavier, the T H becomes smaller (but still higher than 100 GeV), and many particles are emitted as shown in Fig. 16 . These particles are energetic as the same orders of T H . High p T multi-particles are emitted spherically, and this event topology is quite different from the SM background processes. We can discover mini black holes up to mass of several TeV, 29) but we need more theoretical studies on the production and decay processes of the mini black holes at the LHC.
Summary
The LHC is the first experiment that probes directly physics at the TeV scale. 
) play important role if it is heavier. The Higgs boson mass can be determined precisely, and the couplings between Higgs and fermions/Gauge bosons can be measured with accuracies of about 5 -20%. We can perform a critical test on the Higgs mechanism and will understand the origin of the elementary particle masses.
Supersymmetry should be discovered at the LHC, if gluino (g g) and squarks (q q) are lighter than about 2.7 TeV. Signals will be found not only in the (6 E T þ jets) channel but also in [6 E T + jets + lepton(s)] channels, where 6 E T stands for the missing transverse momentum carried away by the lightest supersymmetric particle (LSP). The SUSY particles masses, including that of the LSP, can be determined by exclusive studies model-independently, when a three successive two-body decay chain is identified. In more general cases, they can still be determined within various supersymmetry models.
The LHC can also discover new physics other than supersymmetry, such as new gauge boson symmetry and extra space dimensions. 
